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(54) PRODUCTION OF MASK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a transfer pattern with high accuracy in a short time by 
using a second substrate from which a part of an absorbing layer is removed as a reflection type 
mask. 

SOLUTION: In the first step, a master pattern 36 is formed by magnifying the pattern to be 
formed on a mask, and the master pattern 36 is drawn on a first substrate which transmits UV 
rays in 100 to 400 nm wavelength region to produce master masks P1 to PN. In the second step, 

•flection layer which reflects ultra UV rays and an absorbing layer which absorbs the ultra UV 
I are formed on a specified second substrate. In the third step, reduced images of the 
patterns of the master masks P1 to PN are projected on the second substrate by using a 
reduction stepper which reduces and projects an image with UV rays of 100 to 400 nm 
wavelength as exposure beams so as to remove a part of the absorbing layer. The second 
substrate from which a part of the absorbing layer is removed is used as a reflection type mask. 
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CLAIMS 



[Claim(s)] 

[Claim l] It is the manufacture approach of the mask of the reflective mold for aligners 
using the extreme ultraviolet radiation of the range whose wavelength is l SOnm as an 
exposure beam, the 1st original edition pattern which expanded the pattern formed in 
said mask - creating - this - with the 1st process which draws on the 1st substrate 
which makes the ultraviolet radiation whose wavelength is 100-400nm about the 1st 
original edition pattern penetrate, and manufactures a parent mask The 2nd process 
which carries out the laminating of the reflecting layer which reflects said extreme 
ultraviolet radiation, and the absorption layer which absorbs said extreme ultraviolet 
radiation, and forms it on the 2nd predetermined substrate, Projection exposure of the 
contraction image of the pattern of said parent mask with which wavelength was 
manufactured at said 1st process using the projection aligner which performs 
contraction projection by using as an exposure beam ultraviolet radiation which is 
10O400nm is carried out on the 2nd [ said ] substrate manufactured at said 2nd process. 
The manufacture approach of the mask characterized by using said 2nd substrate from 
which it has the 3rd process which removes said a part of absorption layer, and said a 
part of absorption layer was removed as said reflective type of a mask. 
[Claim 2] Said 2nd substrate is the manufacture approach of the mask according to 
claim 1 characterized by being a circular substrate substantially. 

[Claim 3] Claim 1 characterized by said 2nd substrate moving in one the attachment 
component by which adsorption maintenance is carried out, and this 2nd substrate in 
the projection aligner used at said 3rd process, or the manufacture approach of a mask 
given in two. 

[Claim 4] Claims 1 and 2 characterized by holding this substrate in the projection 
aligner used at said 3rd process so that the front face of said 2nd substrate may 
maintain the flatness of 0.1-0.3 micrometers substantially on 100mm square, or the 
manufacture approach of a mask given in three. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention] In case this invention manufactures the mask for aligners which 
uses especially extreme ultraviolet radiation (EUV light), such as soft X ray, as an 
exposure beam about the manufacture approach of the mask used as an original edition 
pattern in case micro devices, such as a semiconductor integrated circuit, image sensors 
(CCD etc.), a liquid crystal display component, or the thin film magnetic head, are 
manufactured using a lithography technique, it is used, and it is suitable. 
[0002] 

[Description of the Prior Art] In case devices, such as a semiconductor integrated circuit, 
are manufactured, the photo mask with which the original edition pattern which 
expanded the circuit pattern which should be formed to about 4 to 5 times was formed is 
used, and the imprint method which carries out contraction projection of the pattern of 
this photo mask on exposed substrates, such as a wafer or a glass plate, through 
contraction projection optics is used. An aligner is used in the case of the imprint of the 
pattern of such a photo mask, and the photo mask used with the contraction projection 
mold aligner of a stepand-repeat method is also called the reticle. 

[0003] Conventionally, such a reticle was manufactured by using an electron beam 
exposure system or laser beam drawing equipment on a predetermined substrate 
(BURANKUSU), and drawing an original edition pattern. That is, after forming a mask 
ingredient (light- shielding film) and applying a resist on the substrate, the original 
edition pattern is drawn using an electron beam exposure system or laser beam drawing 
equipment. Then, the original edition pattern was formed with the mask ingredient by 
developing the resist and performing etching processing etc. in this case, since the 
pattern which expanded the pattern of a device beta twice is sufficient as the original 
edition pattern drawn by that reticle when the contraction scale factor of the aligner of 
the contraction projection mold which uses that reticle is made into 1/beta twice, the 
drawing error by drawing equipment is reduced about 1/beta twice on a device, 
therefore, the pattern of a device can be substantially formed by twice [ about 1/beta ] as 
many resolving power as the resolving power by drawing equipment. 
[0004] 

[Problem(s) to be Solved by the Invention] Conventionally, the original edition pattern 
of a reticle was drawn by the electron beam exposure system or laser beam drawing 
equipment like the above. About this, according to the advance of a lithography 
technique, the minimum line width (resolution) of the projection image for which an 
aligner is asked is becoming thin gradually, and it is predicted in 2005 that it is 
necessary to expose the pattern of the minimum line width not more than about lOOnm 



[JP J 2000-029202,A] 
Page 3 of 17 



or it. The contraction projection mold exposure approach (b) optical [ as the exposure 
approach for exposing such a pattern ], A contraction imprint (**) - the contraction 
imprint and ion beam (Ha) using an electron ray were used - The exposure approach of 
a pro squeak tee method of having used the (d) X-ray, The lithography technique 
(EUVL^Extreme Ultraviolet Lithography) which projects the contraction image of the 
reticle of a reflective mold by using as an exposure beam extreme ultraviolet radiation 
(EUV light) which consists of soft X ray with a wavelength of about 5-20nm is examined, 
and (**) - As for the part, development is actually performed. The especially leading 
exposure approach in these is EUVL of (e). 

[0005] Moreover, the point that all except the exposure approach of a pro squeak tee 
method that the X-ray of (d) was used for these exposure approaches are the projection 
exposure approaches which made the contraction scale factor about 1 / four to 1/10 is 
common. So, in order to expose on a wafer the pattern whose minimum line width is 
about lOOnm, using a contraction scale factor as 1/4 time, on a corresponding reticle, 
minimum line width needs to form the original edition pattern which is about 400nm. 
In this case, if control precision of required line breadth is made into about **5% of 
minimum line width, the line breadth control precision of about **20nm or less will be 
required. 

[0006] Furthermore, since the superposition precision (overlay accuracy) for which an 
aligner is asked is about [ of minimum line width ] 1/3, the superposition precision for 
which minimum line width is needed with the aligner which is about lOOnm is set to 
about 30nm or less. The location precision from which the alignment precision of the 
stage system of an aligner, the distortion of a contraction projection system, etc. are 
permitted by the original edition pattern of a reticle itself besides the location precision 
of the original edition pattern on a reticle by the factor which determines superposition 
precision for a certain reason is about at most lOnm. 

[0007] As mentioned above, if the minimum line width on a wafer becomes about [ of 
about lOOnm, i.e., current minimum line width, ] 1/2, the degree of integration of the 
original edition pattern on a corresponding reticle will increase about 4 times. The 
drawing time amount of the original edition pattern whose electron beam exposure 
system (the same is said of laser beam drawing equipment) is a 
picture d^awn-without-hfting-the-brush-from the-paper method so to speak at this time 
and that minimum line width of whose is about lOOnm since drawing (being in inverse 
proportion to square of minimum line width) time amount becomes long in proportion 
[ almost ] to the degree of integration of an original edition pattern increases by about 4 
times the present drawing time amount. However, it continued between such long 
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drawing time amount (for example, half a day - one day), and it is difficult to maintain 
the drawing equipment at a stable condition, and there was a possibility that the 
location gap which exceeds the allowed value of an original edition pattern in the 
drawing time amount might arise. Furthermore, when manufacturing two or more 
sheets of the reticle (working reticle), for example to two or more production lines, the 
time amount which manufacture takes in proportion to the number of sheets will 
become long. 

[0008] Moreover, using the silicon wafer itself is examined as a substrate of the reticle of 
the reflective mold for EUVL. The about about 5 times, since it is large, if, as for the 
coefficient of linear expansion of a silicon wafer, the drawing time amount by the 
electron beam exposure system becomes long to a thing with a small coefficient of linear 
expansion, it becomes impossible however, for the quartz currently generally used 
conventionally to also disregard a location gap of the original edition pattern by the 
thermal expansion of the silicon wafer in the drawing time amount. 

[0009] Furthermore, it is not necessarily easy in the present condition to suppress the 
location precision of an original edition pattern to about lOnm as mentioned above with 
an electron beam exposure system, either. It sets it as the 1st purpose that this 
invention offers the manufacture approach of the mask which can form the pattern for 
an imprint in a short time with high precision in view of this point. Moreover, this 
invention sets it as the 2nd purpose to offer the manufacture approach of the mask 
which can form the mask which can use extreme ultraviolet radiation (EUV light) as a 
mask of a reflective mold in the aligner used as an exposure beam with high precision in 
a short time. 
[0010] 

[Means for Solving the Problem] The manufacture approach of the mask by this 
invention is the manufacture approach of the mask (34) of the reflective mold for 
aligners using the extreme ultraviolet radiation (EUV light) of the range whose 
wavelength is 150nm as an exposure beam. The 1st original edition pattern (36) which 
expanded the pattern formed in the mask is created. The 1st process which draws on 
the 1st substrate which makes the ultraviolet radiation whose wavelength is 
100 400nm about this 1st original edition pattern penetrate, and manufactures a 
parent mask (PI, P2, --, PN), The 2nd process which carries out the laminating of the 
reflecting layer (31) which reflects the extreme ultraviolet radiation, and the absorption 
layer (32) which absorbs the extreme ultraviolet radiation, and forms it on the 2nd 
predetermined substrate (4), The projection aligner which performs contraction 
projection by using as an exposure beam ultraviolet radiation whose wavelength is 
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10O400nm is used. Projection exposure of the contraction image of the pattern of the 
parent mask (Pi, P2, --, PN) manufactured at the 1st process is carried out on the 2nd 
substrate (4) manufactured at the 2nd process. It has the 3rd process which removes a 
part of the absorption layer (32), and the 2nd substrate (4) from which a part of the 
absorption layer was removed is used as the reflective type of a mask. 
[0011] In case according to this this invention an electron beam exposure system is used 
in case the 1st original edition pattern is drawn on the 1st substrate, and the 
contraction image of the 1st original edition pattern is projected on the 2nd substrate, 
the projection aligner which makes exposure light excimer laser light, such as KrF 
(wavelength of 248nm) or ArF (wavelength of 193nm), and ultraviolet radiation the 
outside of it, i.e., an optical projection aligner, is used, the 1st original edition pattern is 
a pattern which expanded the pattern of the mask finally manufactured alpha twice, 
and since the effect of the drawing error of an electron beam exposure system is reduced 
by 1/alpha, the pattern (pattern for an imprint) of the mask is formed with high 
precision. And in order for what is necessary to be just to imprint the 1st original edition 
pattern with the optical projection aligner in manufacturing the two or more masks, the 
time amount which manufacture of the mask takes is shortened sharply. 
[0012] Moreover, the reflecting layer (31) of the reflective type of mask is formed by 
carrying out the laminating of the thin film of two kinds of matter more than the 
number of predetermined groups by turns, and the absorption layer (32) is formed from 
the thin film of one kind of matter. Then, the pattern of the mask of a reflective mold is 
formed with high precision by removing a part of absorption layer (32) on a reflecting 
layer (31). Moreover, since the usual semi conductor aligner can be used for the optical 
projection aligner almost as it is by using the substrate of the reflective type of mask as 
substrates, such as for example, a semi-conductor wafer, a manufacturing cost can be 
reduced. 
[0013] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per 
example of the gestalt of operation of this invention. Drawing 1 shows the production 
process of the reticle as a mask of this example, and the reticle made applicable to 
manufacture by this example in this drawing 1 is the working reticle 34 of the reflective 
mold used in case a semiconductor device is manufactured, this working reticle 34 
consists of wafers (wafer), such as a silicon wafer, - substantially, the reflective film and 
an absorption layer are used for the whole surface of a thin circular substrate, and the 
original edition pattern 27 is formed. Moreover, two alignment marks 24A and 24B are 
formed so that the original edition pattern 27 may be inserted. In addition, as an 
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ingredient of the substrate, low thermal expansion glass, a quartz, a metal, etc. can be 
used. 

[0014] furthermore, the working reticle 34 is used through the projection optics of the 
projection aligner which made exposure light extreme ultraviolet radiation (EUV light) 
of an about l-50nm soft-X-ray region by contraction projection of 1 / beta twice (beta is a 
larger integer than 1 or a half integer, and is 4, 5, or 6 grades as an example), that is, in 
drawing 1 , after exposing to each shot field 48 on the wafer W with which contraction 
image 27W 1 / twice [ beta ] as many as the original edition pattern 27 of the working 
reticle 34 were applied to the resist, the predetermined circuit pattern 35 is formed in 
each of that shot field 48 by performing development, etching, etc. Hereafter, it explains 
per example of the production process of the working reticle 34 of this example. 
[0015] In drawing 1 , the circuit pattern 35 of a certain layer of the semiconductor device 
finally manufactured first is designed. The circuit pattern 35 forms Rhine [ of the 
versatility / width of face / of the side which intersects perpendicularly / in the field of 
the rectangle of dX and dY ] - tooth-space pattern, etc. in this example, the original 
edition pattern 27 with which the circuit pattern 35 is expanded beta twice, and the 
width of face of the side which intersects perpendicularly consists of a field of the 
rectangle of beta dX and beta dY is created on the design data (image data is included) 
of a computer, beta twice are the inverse number of the contraction scale factor (l/beta) 
of the projection aligner with which the working reticle 34 is used. 

[0016] It carries out. next, the original edition pattern 27 - alpha twice (alpha is a 
larger integer than 1 or a half- integer, and is 4, 5, or 6 grades as an example) - Create 
the parent pattern 36 with which the width of face of the side which intersects 
perpendicularly consists of a field of the rectangle of alpha beta dX and alpha beta dY 
on a design data (image data is included), and the parent pattern 36 is divided into 
alpha individual in all directions, respectively The parent patterns Pi, P2, P3, --, PN 
(N=alpha 2) of an alphaxalpha individual are created on a design data. The case of 
alpha= 4 is shown by drawing 1 . In addition, the need of making the scale factor alpha 
from the original edition pattern 27 to the parent pattern 36 not necessarily agreeing 
does not have the number of partitions alpha of this parent pattern 36. Then, from those 
parent patterns Pi (i= 1 - N), the drawing data for electron beam exposure systems (or 
laser beam drawing equipment etc. can be used) are generated, respectively, and the 
parent pattern Pi is imprinted on the master reticle Ri as a parent mask by actual size, 
respectively 

[0017] for example, in case the master reticle Rl of the 1st sheet is manufactured On 
the substrate (it corresponds to the 1st substrate of this invention) of light transmission 
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nature, such as quartz glass, quartz glass which mixed the fluorine, or fluorite, 
chromium (Cr), or silicification - after forming the thin film of mask ingredients, such 
as molybdenum (MoSi2 etc.), and applying an electron beam resist on this, the actual 
size image of the 1st parent pattern Pi is drawn on that electron beam resist using an 
electron beam exposure system. Then, after developing an electron beam resist, the 
parent pattern Pi is formed in the pattern space 20 on the master reticle Rl by 
performing etching, resist exfoliation, etc. In this case, on the master reticle Rl, the 
alignment marks 21A and 21B which consist of two two-dimensional marks by position 
relation to the parent pattern PI are formed. Similarly, an electron beam exposure 
system etc. is used for other master reticles Ri, and the parent pattern Pi and the 
alignment marks 21A and 21B are formed in them, respectively. It is used for the 
alignment at the time of these alignment marks 21A and 21B performing a screen splice 
behind. 

[0018] thus, the case where the amount of each drawing data carries out direct writing 
of the original edition pattern 27 in this example since each parent pattern Pi which 
draws with an electron beam exposure system (or laser beam drawing equipment) is a 
pattern which expanded the original edition pattern 27 alpha twice - comparing - 
1/alpha 2 It is decreasing to extent, since [ furthermore, ] it is twice [ alpha ] (for 
example, 5 times or 4 times) the minimum line width of the parent pattern Pi of this 
compared with the minimum line width of the original edition pattern 27 - the electron 
beam resist of the former [ pattern / Pi / each / parent ] respectively - - using - an 
electron beam exposure system - a short time ■■ and it can draw with high precision. 
Moreover, since each parent pattern Pi is behind reduced and projected on 1/alpha, the 
drawing error of an electron beam exposure system is also substantially reduced to 
1/alpha. Moreover, since the working reticle 34 of required number of sheets can be 
manufactured by repeating and using them like the after-mentioned once it 
manufactures the master reticles R1RN of N sheets, the time amount for 
manufacturing the master reticles Rl-RN is not a big burden. 

[0019] next, the working reticle 34 is manufactured by imprinting the twice [ 1/alpha ] 
as many contraction image Pli (i= 1 - N) as the parent pattern Pi of the 
above-mentioned master reticle Ri of N sheets, performing a screen splice, respectively. 
Therefore, as first shown in drawing 2 (A), as a substrate for working reticle 34, a 
diameter prepares the substrate 4 (it corresponds to the 2nd substrate of this invention) 
of the silicon wafer whose thickness is about 1mm by about 300mm, and carries out the 
laminating of the multilayer reflective film 31 on a substrate 4. As shown in drawing 2 
(B) which expanded the B section of drawing 2 (A), the reflective film 31 is a pitch d2 (— 
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2, dl), and carries out the 50 set laminating of thin film 31a of the molybdenum (Mo) of 
thickness dl, and the thin film 31b of the silicon (Si) of thickness dl. Thickness dl is 
3.25nm as an example, and the thickness of 6.5nm and the whole reflective film 31 is set 
to about 325nm (0.325 micrometers) by the pitch d2 at this time. Thus, since the 
reflective film 31 which carried out the laminating of thin film 31a of molybdenum and 
the thin film 31b of silicon reflects extreme ultraviolet radiation (EUV light) with a 
wavelength of 13nm, the wavelength of the EUV light for working reticle 34 of this 
example is 13nm, In addition, what is necessary is to carry out the laminating of the 
thin film of molybdenum, and the thin film of beryllium (Be) by turns, and just to form 
the reflective film 31, when wavelength uses the EUV light which is Unm. 
[0020] Next, as shown in drawing 2 (C), the absorption layer 32 which consists of nickel 
(nickel) for absorbing EUV light is formed by about 1 micrometer in thickness on the 
reflective film 31 on a substrate 4. In this case, an alignment mark may be formed if 
needed. Furthermore, the photoresist layer 33 exposed on the absorption layer 32 at 
light with a wavelength of 248nm is applied to the thickness of about 1 micrometer. In 
addition, other metals etc. may be used as an ingredient of the absorption layer 32. 
Then, as shown in drawing 2 (D), exposure of the pattern image of a master reticle is 
performed to the photoresist layer 33 on the substrate 4, performing a screen splice 
using the exposure light IL. 

[0021] Drawing 3 shows the optical contraction projection mold aligner used in case it 
exposes to that substrate 4, and the exposure light IL is irradiated in this drawing 3 by 
the reticle on a reticle stage 2 from the illumination-light study system 1 which consists 
of a fly eye lens, an illumination system aperture diaphragm, a reticle blind (adjustable 
field diaphragm), a condensing lens system, etc. for the exposure light source and 
illuminance distribution equalization at the time of exposure. On the reticle stage 2 of 
this example, the i-th master reticle (i= 1 * N) Ri is laid. In addition, as an exposure light, 
although KrF excimer laser light (wavelength of 248nm) is used in this example, it is 
ArF excimer laser light (wavelength of 193nm), and F2 in addition to it. Wavelength can 
use the ultraviolet radiation which is about 100-400nm like a laser beam (wavelength of 
157nm), the higher harmonic of solid state laser, or i line (wavelength of 365nm) of a 
mercury lamp. 

[0022] The image of the pattern in the lighting field of the master reticle Ri is projected 
on the photoresist layer of the front face of a substrate 4 through projection optics 3 for 
l/(l/alpha is 1/4 at this example) of contraction scale factors alpha. The numerical 
aperture of projection optics 3 is about 0.7, and resolution is about 200nm. Although the 
projection optics 3 of this example is the refractive media of a both-sides tele cent 
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rucksack, the reflective refractive media which contain a concave mirror etc. in addition 
to it may be used for it. The Z-axis is taken in parallel with the optical axis AX of 
projection optics 3 hereafter, in a flat surface perpendicular to the Z-axis, in parallel 
with the space of drawing 3 , at right angles to the space of drawing 3 , a Y-axis is taken 
and the X-axis is explained. 

[0023] First, a reticle stage 2 positions the master reticle Ri on this in XY flat surface. 
The location of a reticle stage 2 is measured by the non-illustrated laser interferometer, 
and actuation of a reticle stage 2 is controlled by this measurement value and control 
information from the main control system 9. On the other hand, a substrate 4 is held by 
electrostatic adsorption on the disc-like substrate holder 22 as an attachment 
component, this substrate holder 22 is fixed on the sample base 5, and the sample base 
5 is being fixed on X-Y stage 6. The sample base 5 doubles the front face of a substrate 4 
with the image surface of projection optics 3 by controlling the focal location (location of 
the optical axis AX direction) of a substrate 4, and a tilt angle by the automatic focus 
method. Moreover, X Y stage 6 positions the sample base 5 (substrate 4) in the direction 
of X, and the direction of Y with a linear motor system on the base 7. 
[0024] this example - a substrate 4 and the substrate holder 22 - the sample base 5 - 
receiving - one ---like - for example, electromagnetism - it is detached and attached by 
the adsorption method. And a substrate 4 and the substrate holder 22 are detached 
[ also in case the aligner which uses EUV light as a working reticle 34 behind is 
equipped with a substrate 4 ] and attached in one to the aligner. It is prevented that a 
foreign matter mixes between a substrate 4 and the substrate holder 22 in down stream 
processing of a substrate 4, and the flatness of a substrate 4 gets worse by this. 
Furthermore, the front face of the substrate holder 22 is finished so that it may become 
the flatness of about 0.10.3 micrometers or less on 100mm square as an example. A 
substrate 4 is in the condition which maintained very high flatness, and is held on the 
substrate holder 22 by this. In addition, substrate holder 22A of the vacuum adsorption 
method currently fixed to the sample base 5 may be used instead of the substrate holder 
22. 

[0025] Moreover, by 8m of migration mirrors fixed to the upper part of the sample base 5, 
and the laser interferometer 8 countered and arranged, the X coordinate of the sample 
base 5, Y coordinate, and an angle of rotation are measured, and this measurement 
value is supplied to the stage control system 10 and the main control system 9. 8m of 
migration mirrors represents migration mirror 8mX of the X-axis, and migration mirror 
8mY of a Y-axis, as shown in drawing 4 . A stage control system 10 controls actuation of 
the linear motor of X-Y stage 6 etc. based on the measurement value and the control 
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information from the main control system 9. 

[0026] Moreover, in this example, the ledged reticle library 16 is arranged in the side of 
a reticle stage 2, and the master reticles Rl, R2, RN are laid on the support plate 17 
of N individual by which the sequential array was carried out into the reticle library 16 
at the Z direction. These master reticles R1RN are reticles (parent mask) in which the 
parent patterns Pl-PN which divided the parent pattern 36 of drawing 1 , respectively 
were formed. The reticle library 16 is supported free [ migration to a Z direction ] by 
slide equipment 18, and the reticle loader 19 equipped with the arm which can rotate 
freely between a reticle stage 2 and the reticle library 16, and can move to it in the 
predetermined range at a Z direction is arranged. After the main control system 9 
adjusts the location of the Z direction of the reticle library 16 through slide equipment 
18, actuation of a reticle loader 19 is controlled, and it is constituted so that the desired 
master reticles Rl-RN can be delivered between the support plate 17 of the request in 
the reticle library 16, and a reticle stage 2. 

[0027] Moreover, the stores 11, such as a magnetic disk drive, are connected to the main 
control system 9, and the exposure data file is stored in the store 11. The mutual 
physical relationship of the master reticles Rl-RN, the data of alignment information, 
etc. are recorded on the exposure data file. After exposure of the contraction image of 
the 1st master reticle Rl to the 1st shot field on a substrate 4 is completed at the time of 
the exposure to the substrate 4 of this example, the next shot field on a substrate 4 
moves to the exposure field of projection optics 3 by step migration of X Y stage 6. In 
parallel to this, the master reticle Rl on a reticle stage 2 is returned to the reticle 
library 16 through a reticle loader 19, and the master reticle R2 for [ of a degree ] an 
imprint is laid on a reticle stage 2 through a reticle loader 19 from the reticle library 16. 
And after alignment is performed, projection exposure of the contraction image of the 
master reticle R2 is carried out to the shot field concerned on a substrate 4 through 
projection optics 3, and exposure of the contraction image of the master reticles R2-RN 
which carries out sequential correspondence to the remaining shot fields on a substrate 
4 by the step-and-repeat method below is performed. 

[0028] In addition, although the projection aligner of drawing 2 is an one -shot exposure 
mold instead, the contraction projection mold aligner (scanning aligner) of a scan 
exposure mold like step - and - scanning method may be used. In a scan exposure mold, 
the synchronous scan of a master reticle and the substrate 4 is carried out by the 
contraction scale-factor ratio to projection optics 3 at the time of exposure. By using an 
optical scanning aligner, the effect of the distortion of projection optics etc. is mitigable. 
[0029] Now, in case the contraction image of the master reticles Rl-RN is exposed on a 
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substrate 4 in this way, it is necessary to perform the screen splice between adjoining 
contraction images (connecting) with high precision. For that, it is necessary to perform 
alignment of each master reticle Ri (i= 1 - N) and the shot field (referred to as Si) where 
it corresponds on a substrate 4 with high precision. The projection aligner of this 
example is equipped with the reticle and the alignment device for substrates for this 
alignment. 

[0030] Drawing 4 is the perspective view showing the important section of the projection 
aligner of drawing 3 , in this drawing 4 , the reference mark member 12 of light 
transmission nature is fixed near the substrate 4 on the sample base 5, and one pair of 
reference marks 13A and 13B of a cross-joint mold are formed at intervals of 
predetermined in the direction of X on the reference mark member 12. Moreover, the 
illumination system which illuminates reference marks 13A and 13B is installed in the 
projection optics 3 side by the pars basilaris ossis occipitalis of reference marks 13A and 
13B by the illumination light which branched from the exposure light IL. At the time of 
the alignment of the master reticle Ri, by driving X-Y stage 6 of drawing 3 , reference 
marks 13A and 13B are positioned so that the core of the reference marks 13A and 13B 
on the reference mark member 12 may agree in the optical axis AX of projection optics 
13 mostly. 

[0031] Moreover, two alignment marks 21A and 21B of a cross-joint mold are formed as 
an example so that the pattern space 20 of the pattern side (inferior surface of tongue) 
of the master reticle Ri may be inserted in the direction of X. It is in the condition of 
spacing of reference marks 13A and 13B being set up almost equally to spacing of the 
contraction image by the projection optics 3 of the alignment marks 21A and 21B, and 
having made the core of reference marks 13A and 13B agreeing in an optical axis AX 
mostly. By illuminating by the illumination light of the same wavelength as the 
exposure light IL from the base side of the reference mark member 12, the expansion 
image by the projection optics 3 of reference marks 13A and 13B is formed near the 
alignment marks 21A and 21B, respectively. 

[0032] The mirror for reflecting the illumination hght from a projection optics 3 side in 
the **X direction above these alignment marks 21A and 2 IB is arranged, and it has the 
alignment sensors 14A and 14B of an image pick up method by the TTR (through THE 
reticle) method so that the illumination light reflected by these mirrors may be received. 
By the alignment sensors 14A and 14B, the image of the alignment marks 21A and 2 IB 
and the corresponding reference marks 13A and 13B is picturized, and the image 
pickup signal is supplied to the alignment signal -processing system 15 of drawing 3 . 
[0033] The alignment signal-processing system 15 carries out the image processing of 
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the image pick up signal, calculates the amount of location gaps to the direction of X of 
the alignment marks 21 A and 21B to the image of reference marks 13A and 13B, and 
the direction of Y, and supplies these 2 sets of amounts of location gaps to the main 
control system 9. The main control system 37 positions a reticle stage 2 so that 2 sets of 
the amounts of location gaps may fall within a predetermined range mutually 
symmetrically and, respectively. The parent pattern Pi (refer to drawing 1 ) of the 
alignment marks 21A and 21B, as a result the master reticle Ri is positioned to 
reference marks 13A and 13B by this. 

[0034] In this condition, the main control system 9 of drawing 2 is memorizing the 
coordinate of the direction of X of the sample base 5 measured by the laser 
interferometer 8, and the direction of Y, and the alignment of the master reticle Ri ends 
it. After this, focusing on exposure of the parent pattern Pi, the point of the arbitration 
on the sample base 5 (substrate 4) is movable. Moreover, in drawing 4 , in order to 
perform location detection of the mark on a substrate 4, by the off-axis method, the side 
face of projection optics PL is equipped also with the alignment sensor (un-illustrating) 
of an image-processing method, and two alignment marks 24A and 24B of a cross-joint 
mold are formed in it at the edge of the direction of X on a substrate 4. And before 
exposing the master reticle RI of the 1st sheet, for example, that alignment sensor 
detects the location of the alignment marks 24A and 24B, and the exposure core of the 
master reticle Ri can be doubled with the location of the request on a substrate 4 by 
searching for the physical relationship of the substrate 4 to reference marks 13A and 
13B based on this detection result. In addition, without using the alignment marks 24A 
and 24B to a substrate 4, since it is [ that much more exposure is only performed and ], 
alignment of the initial state of a substrate 4 is performed, for example on the 
appearance criteria of a substrate 4, and it is good to even position a substrate 4 based 
on the measurement value of a laser interferometer 8 after that. 

[0035] Thus, by performing alignment, as shown in drawing 4 , the contraction image 
Pli by the projection optics 3 of the parent pattern Pi of the i-th master reticle Ri is 
exposed by the i-th shot field Si in the pattern space 25 of the rectangle surrounded in 
the side parallel to the X-axis and the Y-axis on a substrate 4. In drawing 4 , the 
contraction image of the parent pattern already exposed within the pattern space 25 of 
a substrate 4 is shown by the continuous line, and the unexposed contraction image is 
shown by the dotted line. Thus, it means that the contraction image of each parent 
patterns P1PN was exposed by exposing the contraction image of the parent patterns 
Pl-PN of the master reticles Rl-RN of N individual of drawing 1 to the shot fields 
Sl SN to which it corresponds on a substrate 4 one by one, performing the contraction 
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image and screen splice of a parent pattern which adjoin, respectively, the projection 
image which reduced the parent pattern 36 of drawing 1 by 1 / alpha twice on the 
substrate 4 is exposed by this. 

[0036] Then, as shown in drawing 2 (E), when the photoresist layer 33 on a substrate 4 
is developed and the photoresist is a positive type, the umbra of a projection image is 
left behind as resist pattern 33a. Next, as shown in drawing 2 (F), after etching the 
absorption layer 32 by using the resist pattern 33a as a mask, as shown in drawing 2 
(G), by exfoliating resist pattern 33a which remains, absorption layer 32a is left behind 
to the field corresponding to the umbra of the contraction image of a parent mask on the 
reflective film 31 on a substrate 4, and the working reticle 34 of this example is 
completed. 

[0037] in addition, in case the parent pattern of the master reticle Ri is connected on a 
substrate 4 as mentioned above and a contraction imprint is carried out The contraction 
imprint also of the predetermined mark on each master reticle Ri (for example, 
alignment marks 21 A and 2 IB) is carried out. In case the contraction image of the 
parent pattern of an adjoining master reticle is imprinted, the location of the latent 
image of that mark is detected, and it may be made to amend the imprint location of the 
contraction image of the parent pattern of that adjoining master reticle from this 
detection result. 

[0038] Moreover, when for example, the high density pattern and the isolated pattern 
are formed in the original edition pattern 27 of drawing 1 , only a high density pattern 
may be formed in the master reticle Ra of one sheet in the master reticle Rl - RN, and 
only an isolated pattern may be formed in another master reticle Rb of one sheet. Since 
exposure conditions, such as best lighting conditions, image formation conditions, etc., 
differ by the high density pattern and the isolated pattern at this time, you may make it 
optimize exposure conditions, i.e., the configuration of the aperture diaphragm in the 
illumination light study system 1 and magnitude, a coherence factor (sigma value), the 
numerical aperture of projection optics 3, etc. according to that parent pattern Pi for 
every exposure of the master reticle Ri. Moreover, it may especially insert [ light filter / 
(the so-called pupil filter) / predetermined ] near the pupil surface of projection optics 3, 
or in order to optimize the exposure condition, in case an isolated pattern is exposed, the. 
so-called progressive focal method (FREX law) which vibrates relatively [ Z direction ] 
the image surface of projection optics 3 and the front face of a substrate 4 by 
predetermined within the limits may be used together. 

[0039] In addition, in the gestalt of the above-mentioned operation, it was not fixed to 16 
sheets and the number of sheets of the master reticles Pl-PN of drawing 1 is fluctuated 
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with the magnitude of the original edition pattern formed in the working reticle 34 of 
the reflective mold which it is going to manufacture etc. Moreover, if the original edition 
pattern is a regular pattern like DRAM, two or more reticles predetermined [ of the 
master reticles PlPN ] can be made to serve a double purpose by the reticle of one sheet. 
In this case, since the number of sheets of the master reticle which draws with an 
electron beam exposure system becomes fewer, the time amount which production of a 
master reticle takes can be shortened. 

[0040] Moreover, with the gestalt of the above-mentioned operation, although the sihcon 
wafer is used as a substrate 4 of the working reticle 34, by this, the projection aligner for 
semi conductor manufacture shown in drawing 3 can be used almost as it is, and the 
pattern image of a master reticle can be exposed. Furthermore, since the processors for 
the conventional silicon wafers (a thin film deposition system, resist coater, a resist 
developer, etching system, etc.) can use it as it is also as process processors, such as 
etching, it is not necessary to newly prepare a manufacturing facility, and the 
manufacturing cost of the working reticle 34 of a reflective mold can be made low. 
furthermore, the reticle same only by the rest repeating the exposure using an optical 
projection aligner once it produces the master reticles Pl PN of N sheets of drawing 1 as 
the working reticle 34 - required number of sheets — a short time — and since it can 
manufacture in the same precision, while being able to shorten the time amount which 
manufacture takes as a whole, the whole manufacturing cost can be reduced. 
[0041] Next, it explains per example of actuation in the case of exposing using the 
working reticle 34 of the reflective mold of drawing 1 manufactured as mentioned above. 
Drawing 5 shows the aligner (henceforth "the aligner for EUVL") of step - and - 
scanning method (scan exposure mold) with the contraction projection mold which 
equips with that working reticle 34 and is exposed by using EUV light as an exposure 
beam, takes the Z axis in the direction of a vertical in this drawing 5 by taking a Y-axis 
for the X-axis in parallel with the space of drawing 5 at right angles to the space of 
drawing 5 in a horizontal plane, and explains, at this time, a reticle stage 41 installs 
free [ migration in the direction of Y ] on the reticle base 42 having - the base of a 
reticle stage 41 - the substrate holder 22 electromagnetism it is held by adsorption 
etc. and the working reticle 34 is held by electrostatic adsorption on the top face 
(vertical lower part) of the substrate holder 22. The working reticle 34 and the substrate 
holder 22 are conveyed in one from the projection aligner of drawing 3 . 
[0042] And it is reflected by the mirror 51 within projection optics 46, and soft-X-ray IL1 
with a wavelength [ as an exposure beam ] of 13nm injected, for example from the X line 
sources 43, such as a SOR (Synchrotron Orbital Radiation) ring or the laser plasma 
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light source, illuminates aslant the lighting field of the shape of radii of the pattern 
space of the working reticle 34 to the direction of a normal. And soft-X-ray IL1 reflected 
by the working reticle 34 forms the image which reduced the pattern of that lighting 
field to 1/beta (l/beta is 1/4 at this example) on the wafer (wafer) W for exposure 
through the 1st concave mirror 52, a convex mirror 53, a plane mirror 54, and the 2nd 
concave mirror 55 within projection optics 46. Opening is formed in the part which 
soft-X-ray ILl passes in concave mirror 52 grade. In order that there may be no suitable 
penetrable ** material to the EUV light whose wavelength like soft X ray is about 
l-50nm, the projection optics 46 of this example consists of reflective systems, and the 
working reticle 34 of a reflective mold is used also as a reticle. 

[0043] Moreover, the numerical aperture of projection optics 46 is 0.08 or more, for 
example, is set about to 0.1 to 0.2. Since the wavelength of soft-X-ray ILl is 13nm, the 
resolution of about lOOSOnm can be obtained according to projection optics 46. 
Moreover, although the minimum line width of the pattern of the working reticle 34 is 
set to 400-200nm to obtain the resolution (minimum line width) of 100-50nm, for 
example, if it is this line breadth, the optical projection aligner of drawing 3 can fully 
attain. 

[0044] Moreover, Wafer W is held on the wafer stage 49 through a non-illustrated wafer 
holder, and the wafer stage 49 performs step migration of Wafer W in the direction of X, 
and the direction of Y while carrying out continuation migration of the wafer W in the 
direction of Y on a surface plate 50. Furthermore, the wafer stage 49 also performs 
control of the focal location of Wafer W, or a tilt angle so that the front face of Wafer W 
may be doubled with the image surface of projection optics 46 by the automatic focus 
method. The location of a reticle stage 41 and the wafer stage 49 is measured by the 
laser interferometer in the reticle stage drive system 44 and the wafer stage drive 
system 47, respectively, and the main control system 45 carries out the synchronous 
drive of a reticle stage 41 and the wafer stage 49 through the reticle stage drive system 
44 and the wafer stage drive system 47 based on these measurement values. 
[0045] Namely, after carrying out step migration of the one shot field on Wafer W in a 
run up starting position at the time of exposure, It synchronizes with scanning the 
working reticle 34 at a rate VR in the direction (or the direction of Y) of +Y to the 
lighting field of soft-X-ray ILl through a reticle stage 41. The contraction image of the 
working reticle 34 is exposed by the shot field concerned by scanning Wafer W by rate 
VR/beta in the direction (or the direction of +Y) of -Y through the wafer stage 49. 
[0046] In this case, although the optical axis AX1 of the projection optics 46 of this 
example is parallel to the direction of a vertical (Z direction) and projection optics 46 is a 
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tele cent rucksack at Wafer W side, tele cent rucksack nature has collapsed in the reticle 
side. Therefore, when irregularity has arisen on the front face of the working reticle 34 
or the front face may hang down to a Z direction, a possibility that distortion etc. may 
arise is in the contraction image on Wafer W. However, in this example, the working 
reticle 34 is conveyed in one with the substrate holder 22, and while there is no 
possibility that a foreign matter etc. may be inserted into the rear face of the working 
reticle 34, since the working reticle 34 is adsorbed mostly on the whole surface, the 
pattern side of the working reticle 34 is maintaining very high flatness (it is about 
0.10.3 micrometers or less at 100mm angle). Therefore, the contraction image of the 
pattern of the working reticle 34 is always imprinted with high precision on Wafer W. 
[0047] In addition, of course, configurations various in the range which this invention is 
not limited to the gestalt of above-mentioned operation, and does not deviate from the 
summary of this invention can be taken. 
[0048] 

[Effect of the Invention] According to the manufacture approach of the mask of this 
invention, on the 2nd substrate, since the drawing error of the 1st original edition 
pattern can manufacture even any number of masks same only by imprinting the 
pattern of a parent mask on the 2nd substrate with an optical projection aligner while 
being reduced, it has the advantage which can form the mask in a short time with high 
precision. 

[0049] Moreover, since the mask has the reflecting layer which reflects extreme 
ultraviolet radiation, in the aligner which uses extreme ultraviolet radiation as an 
exposure beam, the mask can be used for it as a mask of a reflective mold. Moreover, 
since the optical projection aligner for example, for semi-conductor manufacture can be 
used as it is when the substrate is a circular substrate like a semi conductor wafer, 
there is an advantage which can reduce the manufacturing cost of the reflective type of 
mask. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll In an example of the gestalt of operation of this invention, it is drawing 
showing the production process for [ whole ] exposing the contraction image of a master 
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reticle and manufacturing a working reticle. 

[Drawing 2l It is the enlarged drawing which cut and lacked the part which shows each 
production process for applying a photoresist to the substrate for the working reticles, 
and forming an original edition pattern. 

[Drawing 3l It is the block diagram showing the optical projection aligner used in case 
contraction projection of a master reticle is performed with an example of the gestalt of 
the operation. 

[Drawing 4l In the projection aligner of drawing 3 , it is the perspective view of an 
important section showing the condition of projecting the contraction image of the 
parent pattern on a master reticle on a substrate 4, 

[Drawing 5] It is the block diagram which expressed the part which shows an example 
of the aligner which equips with the working reticle manufactured with the gestalt of 
the operation, and is exposed, using EUV light as an exposure beam in the cross section. 
[Description of Notations] 

Rl - RN - master reticle (parent mask), and PI - PN the divided parent pattern and 3 
-■ the substrate for projection optics and 4 - working reticles, 5 sample base, and 6 
an X-Y stage, 16 - reticle library, 18 - slide equipment, and 19 - a reticle loader, 22 - 
substrate holder, 27 - original edition patterns, and 31 - the reflective film, 32 - 
absorption layer, 33 - photoresist layer, and 34 - a working reticle, a 43 -X line source, 
and 46 - projection optics 
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[0020] (c) tc^-TJ: 9(C, S^4± 

^RMi3 l±lCEUV7t^P^i-6fci6(D^^<7-/U 

(N i ) £ <9 ^5P»1 3 2 £tJ?£ 1 M mtaWftt 
S 0 r^^iC^fCi^CXT^-r^Vb-^— ^Sr^fifcb 
Xt>J:V\ MtC v ^»I|XJg3 2±JC)R«2 4 8nm^ 
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»^XU^o ]g[2 (D) tc^-TJ: 9^. 

^(DSi4l07t h M33 d^j-LX. B3te* 

[002 1] 183 a, *<0^4K#LTSt#£fr9ll» 

^5f&^^9fcl <fc<9, *te3fe I Lasu^/i^x—v* 
2_h^tt, i#g ( i = 1 — N) tf>-^^— U^/PR 

r F^v-^W— 1% (M2 4 8 nm) fc&m£tl% 
*K ^M^lCA r Fx^rW U-^— ^ 1 9 3 n 

m) . Fj l/-tl (Ml5 7nm) , @{£U— IfcO 
ffiHaaK. Xn7km^>^(D i j£ (^3 6 5 nm) 3£cO 
<fc 9 100 — 400n m^t0^5fc2:^/8X 

[0 0 2 2] v^^-Wf^/l,R i <D|&IKftW30V^ 
-^^Xfefi, SI^3t^3^UT»B/JM^l/a (1 
/afiCcO^JXtt 1/4) ■C£R4©^I«)7*M/i? 

X\ »fife|t*ift 2 0 0 nmXfe5 0 *#JcD&j^5fc^ 3 
fi. nM^u-irvfy yfcnmtffMXh&tK -tix^ 

[0 0 2 3] £i\ ^f^/^f- v^fi. 
^/^r- v^2 cO{£@teyF[^cD *F=Fmt^£ oX 

2J;fc#mffi*l-J:oT^£*U rc7)S^7^/uy 2 2 
-eg*R4£>:7;*— **WS. (5t'ttAX*[pIOffie) , & 

[0 0 2 4] ^JTf*. g&4 <h®fe*/l^ 2 2 £ ii N 

5 \zMvx-fcmmttnmv&mttxmf&£ 

XhZo fit, S&4^|C?— *>-^l^-^/U3 4 k 
^4 tiS^2 2 -t<og|3fe«et-^Lr— 



■■^4t^*^2--2t©RBtc|SttasilAUT, SIS 

/^2 2(7)W1 -MtttlOOmm^TO. 1 — 
o. 3MmSft^T^aD*tft5J:?^tt-h*fe>ixT 
v>6o ^iiiaot, ^4fi«fcTK^¥ffift£*£f* 
L/CJRUT?, S«2M^2 2±tC^f$n^ 0 fc*5. S 

|R*/u^2 2a>fU>!3Ki, ^slci^^ntv^K 

S»**a7>StR^/U^2 2 A£&fflUX*><fcV\, 
[002 5] «Jp|.^ 5 *>J:»[;i@££nfc#»« 

8 m, 2&tWfaLTeg£iLfcu— If^ff- 8 ic J; oX 

(Dnwm^^—^mmm 1 o. s.r^©i»^ 9 

#»«8mX. ^t>*Y#cO^Ift^8mY^ft^UXV^ 
9^b^J^^i^-5V^T, XY^T-y6£0'J^7 
[0 0 2 6] ^JX^ U^/l^^— i/2<7MM 

^w<7)i/f^/U7^^7 y i 6^sag^n. u^-^ 
^7^^7!) i 6rttcz*ifii(mjjciB^J$nfcNfiio3: 

f#4Rl 7_hlC^^>^— lo^/l-R 1, R2, — , RN3> 

f±, ^tb-enaL^ft-'^ — V3 6£#fiJLfd&^ — 

6 0 u^f/u^^?? V 1 6li x K3£S1 8 1CJ: 

—iS2k is^f/^^zf? y 1 6 ir^tci, HKESfc-e 
z r^i (^m^iax^iiix # 6 r — ^ix/: u^?su 

^1 9^IEg^^Xl^ 0 ±*W^9}5$^7>r 
@1 8^tTW^7-f^7 y 1 6<DZ jjfa<D&m 

w-^^/i-^-r^^y i 6ff>ro0?M<io*«r«i 7<^u^-^ 

/V^^— v?2 ^CDf^X\ ^T^O-^^^— U^-^/l-R 1 — 
[0 0 2 7] ^JP^9tCj^ ^^^^^^g 

■tR4(C*|-f-5ii3tB*(C^ StR4_b«>l#e^>3 h 
ft*— CO 1 # g CO-^X ^ — U?-? /UR 1 (O^/J^CO^^ 
/5%T^--5^, XY^7—i>6(D*^yZf&m^£^X 
m®l4±V>lk<Disa y h««3&S»j»*^ 3 
t-^-TSo m^frLX. w^^/u^^— ^2 Jico 
-v'X^— U^-^/l-R 1 frU3-?;\su— ?! 9 ^ttt/ 
J-Z/^^^y y 1 6dM£*U 2k<Z>(E¥*f*^X^ 
— UJ-f/UR 2frU7-?;l'J^-7 : 7 ]) 1 6^b^^^ 
P— ^1 9^ttWf^/^T'-> ; 2_h|Cti^tl 
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[oo2 8] #$0, a2^is«ii3tsatt-if»*a'c 

SB) «r«ffiUXt)J;^o 

^^-i/f^tS«4i: 3fiSS» 3 \cM LT«/h 

[0 0 2 9] ^ODi ^tC^^^— U^/V-R 1 — 

'WmtDWffimg SrS53fitet(ctT9^ 
fc, »K4Jb^JS-r5>-3 s> MW* (S i £ 

-fa) iW7^^ y h^»fT?M^5 0 r 

[0 0 3 0] H4tt, a3^»»SS^B^H$P*^*t- 

^l^li^-^ 1 3 A, 1 3B«^ntt^ 0 
£fc, g*P^— ^ 1 3 A, 1 3 B£Dj££fU-fi x R^fe* I 

1 3 A, 1 3B^^-ra^^^g^tV"CV^-6 0 
— U^^/l^R i (DTy-i ^> ^B#^C(i N lL3tf>XY 

2_hW»v-^ 1 3 A, 1 3 BCO^^ti^^Tfe^ 
^1 3(7>5t$AAXlC-^ifirr5J: 9t-x 1 3 

A, l 3B2SffiBfta?>£*xSo 
[0 0 3 1] — u^/i^R i <Ds<?— 

0U£ L-T-h^^2 0(DT^^^ VN- ^ 2 1 A, 2 

iB«$jix^$c mm-*— ?i3A, i3B<ora 

^ 1 3 A, 13 B<D**b&m£%MAX\z&&£ 
■erfcttfit?, S*^— ^SWl 2<Dj£®{fl!ia»b»fe3tei 

-^13A, 1 3B<D&My&m3lZ£Z&j:»&*:tl 
€tl77>f^yW-^2 1A, 2 1BWiEffCTrit$ 

[003 2] m^(7)77^7 ! yF-7-^2 1A, 21 
B<©±*icfi«3t^3ffl!l35^<7>RaW3teS:±X^|fi](cS 



A, 1 4 B*Sfiix.t>JxTV v 5 0 Tv^^Vhir^-iM 4 
A, 14BCJ:oT, 77-f>yfv-^2 1A, 21 
B s RU^E^SS*^—^ 1 3 A, 1 3BOWf 

[0033] r=74 * v si*, 

fa^^lWaUt, gip^— ^ 1 3 A, 13 B^IC 
rr677^^yh^-^2 1A, 2 1B<75X?jP^ Y 

£»J»^ 9 |C^t^"5o ±*»J»^ 3 7 (i, *<D2U<T>$L 
iCioT, g*^— ^ 1 3 A, l 3BIC*fLT. 77^ 

^ v f^— ^ 2 i a, 2 i b s tn^cii-v^— 

/i-R i <dM'*?~- i (E%1#1%) i$ffifi«fc«)$iX 
[003 4] r (DVtnxm 2 O^Jffll^ 9 te. if 

^tf8(cj:oTgi-a!ISixSW4-&50X*ifi], Yjjfaco 

3&s-e^5„ B^jc^X, S«7t^PL<offl!lffi 

(^FHI^) tfitpcMv S^4Ji(OX77rS]^^tc:^Jx 
ff-h^^2o^T^-ry V Y^—? 2 4 A, 2 4 B^ 

^/i-r loH^fT^ffric, ^r^^vh-trv-iH;: 

J:ot77'(^>'b^ 2 4 A, 2 4 B <Z>ffi©2:tfefcti 
U iO*ttl»»cS^^-C»P^— ^ 1 3 A, 1 3 B 

t-m-5S^4f?^gr^^^^-^-c% ^^^-u 

^tT^>tb5CQ^T*fc5fci^ x 77-f^yf^24 

a, 2 4b^iv^- <t^<, m?L&mm4<Dmmm 
—v=rm\r s mmm^m^ ^xmfc 4 ^@^a6^n 

[0 03 5] ^(0X5^794 J^hZft? wirtC^o 
««^-VP i <D&myt^%k3\c£Z>m'\-mP I i 

"C, ai.^>Nf@c0^^^ — Uf^/UR 1— RN^^ 

-ypi-PN^l/hte, JiK*StR4Ji^*|-iC-r5'> 



(7) 



#BB 2000-29202 



rtUC^oT, S^4±^SJLcO^<^ — >-3 6£rl/ 
[0 0 3 6] JP2 (E) Cl^-f J; S&4 

W-y33atlT^^ 0 Hi (F) 

^"f £ 5 JC X -^COl/v^ h/^-V3 3 a t U 

T®HXJI3 ]fi2 (G) \^ 

iotl/^ 1/^ J>^— V3 3 acofilgi^: 

^/J^^Wt^it-rSfflW-BRllXJg 3 2a 3ftig&$Jx 
[0 0 3 7] JilBtOj: — U^~?/isR i 

>&&R4±\z<>t£€&ttxffi']^^-fz 

^77^^yf^2 1A, 2 IB) ^/J^^ 

[0 0 3 8] ^fc, Hi<Oj^«^ — 7(^Jx.f^* 
Ra Icttflfcft^ — ^O^TfM£*U S'JcOlfeGO^^ 

p i loser. S3fe*#. ip^^^^if^^p^ 

t^£f£:ft^ 3 OWpfWSrftg^tS J: 5 UT t «t 
^3oo^®f+i£tc^o^:^^/i.^ (i\b^5@^ 

[0 O 3 9] Jfe*3, JilE^^^ffilC^T. Pl f^> 

4tc^$nsiiKR^ - ^-->'^^$^^«t 

t^mmx^^ 



[0 0 4 0] ±lE<^ISKo^l8-e(i. !7-^y^ 

U^/1^3 40OS^4 t Lt-y Uny^x/N^V^TV^ 

ffico^S^© (STOI^jSKfB. u^h^-^, i/^ 

!7— ^r>-^U^^/U3 4C0Syt=** h£Mg;< i~3 £ 
X?^3 0 E&l ^N^CQ-^^^ — 1 — P 

fc«3t^i»i3 3g-t-<O^.T*!7— ^V^U^^/P3 4 <t[Wl— 

So 

[004 1] Ji|5(0 «fc 9 tbfcai^M 

»fE<Z>— ^J[-0#^-T5o B5tt, *C0!7— ^V^U 

m-mmx*Ty7 • r^K • **-y^*5*; 

2 2cO_b® d&jET*") (C»7— ^y/l/f^/U3 4v$5# 
Mf(Cj;oT^^HTV^ 0 !7— =3r>-^U^^/V3 
4 km^.7tw^2 2 tfi, 13^I«1>5^-^ 

[0 0 4 2] JetX, fJMSOR (Synchrotron Orbi 
tal Radiation) !)y/, Xfi if * ^7 

<DXBM4 3ti*bttM£titc.9y£\f~J*k\*x<D&-mi 

3 nmtOM I L 1 11, ^3^:^4 6^(0 5:^ — 5 

So fLX, !7— ^>^U^^/U3 4t*KH-$tufcftX 
-ft I L I fl. .S!fg3t^4 6 P*X*m 1 ^M®il5 2 , 
®i53, Wl5 4 s ^^2£DEUJ®^5 5^T. 
^Tt^j^^ 1 ^^^ (wafer) W±tC x ^<7)l8?W*tfV** 
— V^l^jS (r<O0»J-efil/jS«:l/4) tCJB/hUfc 

fikSr^ric-TSo DflcS^s I L 1 asiiifi 

S^^Jxl^ 1 — 5 0 n m^gcOE U V^tC^tUTttS^ 

— ^ry^W/1,3 4a«ffiffl$ix-cv^5 0 
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[0 0 4 3] ^fc, m^4 6£OriP«0. 08 
^-hX£>9, WxtfO. 1-0. 2m8E\zWtfe£ftXV* 
I L 1 OfiS^S 1 3 nmtfcSfc*, W&ft 
^4 6CJ:oTl 00-5 0nmH^M^|6 
Zk&-VgZ>* tLtis <M;tlfl 0 0 — 5 0nm^M 

(S/JSBMB) £tffcl^lCl^ !7— *^U^/I^3 
4^-y«Z)f/Mili4 0 0 — 2 0 0 nmt<c5 

[0 0 4 4] ^^Wte^t^^^^/fc/U^ 
£fr ?o ^t-. -)x/NXr-y4 9 ^-—h7*—2> 

^^X")^NW(Oi®$:«^l4 6(OiIl:^ 

^^f- >WiW4 7\H(DU— if^lttcioTftfiJ 

/l^X— ^®»^4 4&U^^^x— v^itefU 7£- 
^Ul/f^/^f-^4 1. M^^f-^4 9 

[oo4 5] wh, myt#f\cn, ^/nwjkz*- oeo-> 

XilLl«^ICttT + Y^ (Xn~Yjj 
ft) i-^VR-C^-raoO^^U-C, •^✓nXt 1 — 
^4 9£^LX^^W£-Y;£rft (X(i+Y^-rS]) (C 
MVR/0T«fS^i:iaoT N SK'>ayH 

[0046] dOgg^ ^JGD&I^^ 4 6 O^fAA 

^4 6ii^wmi:ii7Utv h y y^-cfc5tfs* u 

17— ^r^l/f^^3 4 05S®lClHli!h3flS^CXV^ 

^2 2 t-ftmz-$&m£fox*&*). 

—*l/jfu=3-y-/\s3 4fitS(££ffiX!S*£;h/XV , >3fc: 

!7— drV^W^^/l-3 4 0V** — >-®j£^tf>Xii^ 
W (lOOmm^t'0. 1-0. 3 u mlSS^AT) 
£H#LXV^ 0 lot, ^^WJitC^tc^^^^ 



5o 

-[004 7] t& *mwn±&<Dmmmm\mfe£ 

[0 0 4 8] 

[0049] -e^^^tt, m^^^sM-t 
5SltS^UXV^fcaC>. a^^^asst^— *t 
ux«ffl-rss3teiSiBic*5\/^x, -^^^^^^tt^ 

^^i:LX«ffl-r5^t^-e^ao ^cDgfc5S 

mi ] &¥£w<Dm)&(OMncD—M^$3\,^x^ 
i ms ] ^<Dm&mmxM^£fotz.y—*i/if^ 

[^•^60^] 

Rl-RN-^^-l/f^ (M^^^) , Pl— P 
N-^M5iJ$^fc«^^— 3-J5d^^^ 4... 17^ 

v?. 1 6 — U^/P^^.^y. 18-^7^ K^@, 
3 4 — 17— ^ry^!/f^;K 4 3-Xi 

^ 4 6-m^ 



(9) 



#RI 2000-29202 



[&JJ 



[ E32 ] 



0 -dx 



/J • dY 
h— 



PH ■ 



PN-1 ■ 



a ■ 0 *dX 



-27 



a • /3 - dY 



W/M W/ //KA 



UJJjIlJJJJJjtj l V I 



1tl-l-fl> 



III-! 



2 



-36 



*P3 



-P2 




(A) 



(C) 



(D) 



(E) 



(F) 



(B) d2 




* 31 32 33 

h 3 1 i- 



4 31 32 



* r31 32 33, 



r 31 32 33a 



4 31 32a ^ /-33a 



(G) E 



i-t n i — i i— » t-< n n 



30 



- 3 ; ) 



34 9-^>^l/^^Jb 



14B © 



[@3J 



14A 




*19 



RN 



iTT is 



-18 



4 R2 ri r? 



22 (22 A) 



10 



11- 




(10) 



4#P*fl 2000-29202 



■IB.41. 





22C22A) 



